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(54) CURRENT-DETECTING CIRCUIT 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a current- 
detecting circuit which an detect currents with high 
accuracy and can be designed easily. 
SOLUTION: A current-detecting circuit is provided with 
an output transistor 1, the source of which is grounded 
and the drain of which is connected to a power source 
VD1 via a load L, a current-detecting transistor 2 the 
source and gate of which are commonly connected with 
respect to the transistor 1 and the drain of which is 
connected to a first transistor 3a t and a second 
transistor 3b which constitutes a current mirror circuit 
3, together with the first transistor 3a and detects a 
current 11 of the output transistor 1, based on the 
current 13 flowing to the second transistor 3b. A resistor 
Z is provided between the power source VD2 and 
current mirror circuit 3 and a transistor 4, the drain of 
which is connected to the current mirror circuit 3 side of 
the resistor Z and the source of which is grounded, 
makes the drain voltages of the transistors 1 and 2 

match with each other, by increasing or decreasing the current which is made to flow to the 
resistor Z, in accordance with the output of an operational amplifier OP. The amplifier OP can 
always control the gate voltage of the transistor 4 on the basis of the grounding potential, and 
this current- detecting circuit can be designed easily. 
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i ] wwf.tt&i jh**p 2 ffi#s 
^ t u Mian i w ASH^s©ti i mmzmm 

£ft> VifB&ZmmfmiKB l *E£ttJlfc*Jl2 

«fu/j h ^ > -^x ^ t m®.\i-mm.T& k> . *■©* 1 

£E«fc 0 fc MCJB 2 «J£fliJ©IB 3 «£Et<Oliro«««» 
fc. 2 ■3©ffl#Wf#WHfc**;£* , ifcJ8 1 © h 7 

•«f§ 1 © h 5 >3>*££#*S# k> 5*f 

u wtam^ffiffl h 7 > *? Wvi^M 1 © h 

^2©h7>^X^t« 

MBWtttffiffl h^>vX^©^2f±i^« : f ©«EE£, 

irtam 2 © y-j**? \zmn^nmzB^i^t * 

tires i®h7>yx * © iwe«*fcfH)a h 7 > ?x 9 
t yi&imo&iimj- tmmm 3 ms± tmrnzmmzm 
nsn, afiKflf£ft5-**ci&i:T«rE« 1 © n 5 >> ? 

*©JB2ffl***fcSM*aftfc*JW«S£. 
MOS h5>5>Xij'tf»&&t>, FW 

tix, mmmmimmizmtnmzMm&nmm- 
tiw\zfcvx%%t2>z\ tiz£ vmmmmmWiMitM 

BUI ©h5>vX^i©ma©SESrf)i'JllbT, N 

ffi^h7>vx^©^2ffi*a^©*mt'-sts-»5m 

T, 

WC« 2«EE«, MESS 1 mffii 0 t> ft 
TftD, 

iWE«J£0JtPffl h7>yX^lt Nft>^J«®MO 

s Vvyy^xh^z-t, 



(2) 

2 

mim. 3 ] tt$4 1 K:E*©««ttima»fc*v^ 

T, 

KE$ 2 «Eti. UGH 1 »E A 0 fe ft«ft Kttfcfc ft 

xmm. 4 ] *#s 1 \zmjnmMmmwk\z^ 

TV 

10 Wta«E0Jffllffl h7>yX^lt MOSb7>^^K 
ft?LT, /H#-7f7>^?TfeO, *«X3l/^ 

mm t mm% 1 © h 5 > 5?^ ^ t ©«« 

©H 1 ffi £1*113 ft, ^-X #ttE* JMMBS© 

ffl-^w^c wta nx v> s c t , 

l»3Ra 5 3 4 lCE«©«SlfeffllHiK.tC43V^ 

T. 

Mta^ 2 *£Eft. mum 1 «be a 0 1> k«s s ft 
wsa*E«ijffliffl h7>yx^ rau n p ni©;h #- y 

T, 

t&ta^ 2 wta^ 1 *ea 0 feflWttKWtaft 
mwMBMmm wyypxfu, pnps©am*-7 

©mfflt^ffin^t^^T, 

Z. ^ 

[«r *g? s ] 1 uv^mim 6 ©wft*»ne« 

- ©»^Hi®llte^^T. 

mmnmmmn.mi, mum 1 © f y > ?x ^ ©Mtam 
40 «m<t©M 1 2 ^©ffl^aT^it^ fc««^ft<5 

fc, 2 ^©liS^S^^atftS^SCfilfgyiWS 
ftfcMOS hy>P%9X\m-ii^-y by>V7-*t 

[0 0 0 1 ] 

\zmn%nmzfcftt%tz#><Dnmmiii®'&tzmtz><, 

[0 0 0 2] 

50 M©&ifj] «e*ct o> iroaromstttmBBtL/ 
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T, *BB»«F»5 0 8 1 3 7 9#&tf#BHB6 2 -2-4 
7 2 6 8 ^&38£W*$nrV>5 *>©#<&•&. IPS, ± 
B4MIKH*©««*flJSWtt» .H-6C*1-«I<. I* I/ 

-r (e©«&) vpk*iks*u y-x^ 

i^ft«L«H,T»JMtt (OV) N 
ft>*^ifflMOS P 7 > X # B fe&WJ) hy> 
is'AZQ 1 t, Z.<»W\))Yv>i/*9Q 1 tPM-M-OH 

X^r&O) , f©FK>Wb7>-/^^Qlffl 
H U-f >fcSS«3 tl, ^©^- P #ffl # P 7 >>>7s$ Q 

1 <of- b fc«KSnfc««»lH» P 7>S?X*Q2 

t, nss/mm P7>>*x*q 2©y-x t&«&«&t 
oM©ft««»fc. v-x attacks n 

>^S©MOS P7>vX#Q4 t, I®MOSb5 
>yX?Q4 U> P5 7-0SS$*^1" ; 5N5 1 

So 

[0 0 0 3] JSC. ija^«K||a«0«WWBBWc 
It, ^gilKXA*? (+) A s fflAh7>yX?Q l© 

y-xtsssti, Kuxiim (-) **«a«ffl«> 

f SiHiffl f7>y*X3'Q 2 ©V-X tMO S by 
yyzfQ 4 © F n y-X t F W >^ 

£$! t: $3* $ *i, P ttso p © ffl ^Jt^fc 

p^ >*;hi©mo s p 7> vx^q 3 
t, ifimiztit^z, 

[0 0 0 4] EflMBHftJBBB'Cfck aS#p7 

>^X^Q 1 £«$■ ffiffl P 5 > ->*X * Q 2 ©«y- P 
tc&jl©^- PfcEEa^iPSttT, m b-y>5?Z9Q 

orHf^tlSMOS P7>> ? X*Q3©FW>-V 
-XlWlffi**, «*»fHffi h7>v ? X^Q2©V-X« 
Ei:l±i7jh7>v ! X^Ql©V-xmffii^-S-r§j: 

[0 0 0 5] Z\®ft*b, &J3'b-y>?X9Ql i:MM$. 

mm p y>vx9Q2 \zm%&M*mowmft£x 

P7>yx?Qlt3»Sn&*K (IPS, mmnwurst 
naftlWB*) I Ql£*f U HJttfcffiffl P 7 >i>X*Q 

2 tffi7J P 7 > S^X ? Q 1 t © P 7 > $?X^1H X*©J* 

I .QZ«»iE*C*n* - 1 til <0 , 
IQ2/$*MOS P7>yx^Q3^LTMOS h7>y 

x^Q4tratti*o 

[0 0 0 6] f St.. MOS b7>vX?Q4 tMZli 

w>ps7-@?&£iSE£-tsMos P7>s>x*Q5£ 

it, mffi1lk&M by>i>7>9Q2izmtl%mtii I Q22r3f 

i rtWis^tt&sfc*. £©««&ffl 



(3) 

0?&r«> MOSP7>S?X?Q5Kj8|tt3*at i (c* 
t?V^T, h9>5>**Q 1 I Ql£&tB 

[0 0 0 7] 

m&iPfflkb&$i:TZ>®M) C©±3C- ±1B$# 
©*8HfttH13»r», jtdf 4lfi«0 P t«ffiH#Pffl©M 
OSh7> -/X? Q 3 t ©ff/f! fci 0 . SSt^ffiffl P 7 
>yX?Q 2 ©V-X*m«:tB* P 7>yX^Q 1 ©V 
-X«EC-StS#Sit^T^. ^-©^^, ffi*p7 
io >?Z?Q 1 I Ql^*K^<^ffi't : 5- 1 

•5©T-a5-5^\ £JlT©ras^abo fc. 
[0 0 0 8] JdEtt*©««ttlHBttTMU ftHL4HIS 
OP/5S, «EftiJffl!ffl©MOS P7>> ? X^Q3©y-P 
-V-XfWMEftHirf SwtT, «j*»IHffl P7>S? 

x^q 2 ©v-x«ffism* P7>^x^q i ©v-x 

«ffi.lc-»S**J;5fcUT^«*^ MOS h7>yX 
^Q3©y-xii««4fe£tJffl P7>vx^q 2©y-x 

K*«SnT*D, l/*»t>, «^fflfflp7>vX^Q 

2©v-x«fftt, »*«cija*p7>vx^Qi©ffi 

20 7jSEVaT^Sy-X«Et-iS;bT^SfcJ6. 
Jg^S O P ii, MO S P 7 > -/X 9 Q 3 ©y- P ^ffl 
tS«ffiV b *, ffi* P 7 > v>X ^ Q 1 ©ffl**)£ V a 

[0 0 0 9] OSO. 4(dPa«B»OPtt. ffl*P7>v 
X^Q 1 ©ffl**BEV a *^ft-f§ testis £*W 

©mffiSffl^wteT^ttn^e.-r, ffl^P^ 

>yX?Q 1 ©ffi^mffiV a// 1 V^T^OSC I'VKi 

T, MOS p7>v ! X^Q3©'7 t -P^ttiX7l-?)*EV 
so b$7C#<^l:Si± ; S>^S^^So 

[0 0 10] ±5T, ±Btt*O«8Mfcffl0*Ttt. 
JWW»OP©«Si*JEERtf*©liI*li**»Jt'*'*t 
SO, ffi7Jp7>^X^Q l©ffl73*ffiVaS*^b^ 

P 7 > >?X 9 Q 1 ©ffi V a ^/£46ffl tc^ij-f 

p$ffl-tL,^wn«ae»T, a»Hirtsif«te3iea"r* 

Z. ttfT%f3.fr? ft. 

[ooii] *jws*4, C7UfcHWc«*aanfct» 

40 cdt^D, J] b 7 > i?X ^ (i«tnsvES&«iffi A < & 
tart 5 J:id»»^#aa«SMfelH@Bfi*«-r* - 1 

sawtLrvi-s. 

[0012] 

0««Eftfflja»C*Jr>Ttt, ffl* P7>^X^©2 0© 
ffi7j«^©3S, ^lffi^S8^3fS©^l«Efc*^ 

[0 0 1 3] ^br, tB7Jp7>vX^tlBiaEO|lffi 
bo ttr*0. *©»l.lti** : P* J tH*p7>5?X^©JBl 
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fi, * 9*-BKW>HI**tll 1 © h7>yX 
X*©*fcfr©litfjJa f- (W*>. flfflh7>yX:$'Ot 

«E<fc o fesi 2 «e«©S6 3 «EEtowcau aacss 

ft. ?|3«£WU |g2*]FE£li«&T&-3Tt)&Vvb, 
[0.0 1 4] KteAA*Wtfi*K7>^X^© 

mxxm, zomMmm&<D\£-h^^ mosk? 
y-yx 9& zuzmBamm h 7 > vx *©y- h 

[0 0 15] -f-bT, «BE«HHfflf7>^X^©ffi^S 
^ © 3 *, . HH >tt«*«l&Aflf££ 10 h7> P X 

X*©Slffi*»P (BP*,. fc««$ttTV> 

y yPX^RZSm 1 © hy>9-A9£?U AX bT. « 

[0 0 16] £4P£5&*3^©*«ttWia#m * 

sit#«&iiffir. mn&mmmbyyp^ 

ftffi t» 1 © h y > P x ? t ©SSKjS ©*)E £ ft« b 
t, «»KtUffl h7>vx^©«2ffi^s^©i:m$ffi 

[oo 1 7] rst.. ai/j h-yy vx p tmmmm b 

fca&. ttitttffiffl h y y-/-A9\z\±, m b y>PZ9 

izffitizmm (bp*., «^ft^fts5nsft?tmss) eft 

bT, amMMtfiffl h-7>^X^iffl*h7>^X^ 
t©>7>yXW X©Jtfci6bfe*i9S#iEII^8ttl 
5 £ fc£&0, J!©***** 1 © b 5 >5>X> fcSEtt 

[0018] -?-bT> ^\<D^yyp7,9 tm^iivy 

Y-Zy-m^m^t^2<r)Yyyy7.^\Z\i, %\ 

(Dhyyyzvizmtiznm (bp*.. «sft*fett!ffl : h^> 
■fcztztb, z\<D^2<Dhyyp7,9\zmti^mmzm^ 



(4) 

[0 0 19] Al/>hS7-l!i!Mi #V>h 

s y - ®& mm- z>m i msw. 2 © > 7 y vx ? ©« 
[0 02 0] ft, mi n by yy^zmn^mmtm 

10 2<DbyyPZ?lzmftznm£<Dik (±IBBt^) 
tt, MS 1 2 ©H h y y 5?X ^ © h 5 > S? X^ 

[0 0 2 1 ] H©J:3**5BW©«8tttfflia»fc:*V»T 
tt, %Uyb$y-®mmfcTZ>ni<DbyyPZ9 

<Dmm& mbyypzzt © tu t js 3 

«EEWHffl h 5 y vX 37 fc± 0 , moS&ffiffl h 5 > vX 
^Stf^ 1 © h 7>^^W A°X bT. m^tft^A 

X^©» 2 tB^S^tffl* h 5 >^ X^ ©^ 2 ffl^*?- 

h 7 yPX * © V-X jtttfflffl H 5 >yX * ©H 1 
fiS^S^ (BP*,. SS1*£E) CfiH»SftTVi«*:«>, < 
EbftJUl ffl h 7 > vX ^ © V -X «£&-€©& 1 t 

[0 0 2 2] ioT. *Sffl©*8Bftffl0»K:J:ntf, 

30 \Zs Wab^*lllK©§P<ffi^N7>> ? X^©ai^« 
JE (BP*.. »2ffi^«^©«E) 
<. ;ia»«!tt*«*#C*ai:ttS. ^bT. tti*h7> 
^X^©ffi77«ffi^At<»1-^«-&Tfe. *©J:5 
^l£«ffl©«E&ffi^nIffi^*li | li^^> WWKlffl* 

to 0 2 3] jut. ni£M'mhyyyxztvT\t. m 

^ ' O S by y 9 tcf^^."t. W#-5h5>^^& 

&mat«i&*#tm 1 © h?>$>x* t©*WAca* 

40 U X57? S'^^Jiiffl h 7 > vX ^ ©SB 1 a'.^« : f 

[0 0 2 4] » 2 miE*^ 1 SEJ: 0 £ £ 

«SStlT^S«^. BP^, tiJ^h7>> ? X^Srmm* 
#J: D MW6*C)ttlil/ftB')*'f FS«©«-&K 
■11. «E*iJWffl h7>> ? X^i bT. N7 C +>^^S© 
MOS h7>vX^lv«NPNS©m *~7 byy 

fe.fi«fefcK)tS-tlT^S*^ BP*.. ffi*l-7>y ? X 
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©*§&£«. ftEfrJfleW byy*s7s?£LX» P?*y 
*;I/Si©mos h7>^x?i£vv&PNPM©m*- 

7 h^^X^Srffl^tl^&t'V 
[0 0 2 5] -/i. '«^«ftfW»x<hUTIi, m^OWMi 

m%?z>t&ifi%zm^z>z.ttfT%z>„ tit, mmm 

mmif iLT, IS 1 © h 7>vX*0«tft«ra5ffl h 7> 
vx? tttfiMWroaj^Si 1 .tH 3«ffi t (omiz 2 o© 

Tmizmnzmffiizfflmtfn^zftt^ mos b7>v 

[0 0 2 6 ] -#JEfc» aj*b7>vX*&tfltait$ffi 
ffl h7>^X?£, tj h 5 7-®IS£*&-f SIS l 
Rtf^2C0h7>v ? 7.^H> MOS h7>>*X^1?&o 

[0 0 2 7] 

[»W©*ltO»l8] EAT, *56M<OSfc«»«K'3tvT 
HiS*ffl^T«wr-B. ft, *589B0**#»WU TIB 
©t>©Cft&fS£$fri5;i£&<> #fPJ©M«iSH 

[o o 2 8 ] m i *»wm i * i *«» 
k, £ i nmmmomm^mmi, v-^mimm 

tlTOSilfi (GND = 0 V) FM" 
>!)^||L <&:frbT»**te«k t> t>*Jf»W 2 SE t 

bT©mjs«j£VD i \zmm^rLfziati h7>-/x? i 

v-xty- K#fli* yyypx? i ©v-xty-h 
c**ananfc«Wftttiffl K7>yx* 2 t. hw 

©h5>^3 at. y-htV-X^lC0h5> 

1 © h 7 y vX ? 3 a tmzti v y b 3 7 -UK 3 
jfrfSjiB 2 © h y>V7>? 3 b £ sg 1 TkXf%2 © h 7 
>5>X*3 a, 3 b©V-Xt«*«tt*-Dfe*V»JI*- 
*E£bT©'«g«EEVD 2 tWPflfcat^Hftl^StX 
fc. fWflMMlWtUTWWWIIZtSll^TV**, 

[0 0 2 9] M, Mlimm Sgl«EE*S8ft 
«ft (=0V) tLX^i)K »**flrtdE5 
&K *&, «WBEVP2ft. mM«ffiVDl£PPI 

7j. *U>h5v-lsdlft3Tfi. 8 1 fttf* 2 © h 7 > 
>?X?3a, 3b©V-X^> *1^> hS7-@S&CT 
#a©^#«tt*.#»*FSu t&^T&D, ^1© 
h7>vX*3 a©FU-f tiu>b2.y-m®\z 

9. ^2©h7>vX^3 b©KW ytf. tlUybS. 



(5) 

<? 

[003 0] *i/twc. * i ^»*©***tHB» 

fit. EfcAWI? (-) »h7>^l©HW 
>L»'cSn. #R«sX**F (+) 1-9 
> yX 2 © F l"f >C««&tUt-SlPB<i»0 P £. 
H l/-T>^»/aSZ fcjg 1 © h7>yX^ 3 a £©gis 

mutu v-x&nmktiim yyyvx* 2©y-x 

£, ^ 2 © h 7 > v^X^ 3 b © F l^-f > (BP*.. 

h s 7 — iiss 3 © s 7 -m^a^ m i ) £ © 

[0 0 3 1 ] CCT. **JS^ffi©«»fflll!ST(i, 
f±S?3h7>->*X^l. «SE^|lJfflh7>^X^2. RO? 

h7>^X 94 t L-T. N^-f >^;VS!©M 
OS>7>yX?SIK Bl©h7>^X^3 aStK 
20 *2©N7>>>X^3 b tbX, Pft>*M©MO 
S h7>vX^Sffl^T^5. 0*0. *^1*JSM 
Tfltt. N^t>*JMBM.OS h7>yX^l:J;5n^ 

to 032] i mmmmxit, b y 

X* 1 © HH >?5 S > 2 0 &^-bTmm*©L©€ 

s«EVD i ttts*fnc««atiT*o, mby> 

9X5> 1 ©V-X*i. *^2 2 Sr^l/T«S»*iS:K«« 
-f-LT, ffl73h7>v ? X^li:«at^tt5ffl 

§§R0 ©WS©3*.. »20h7>^3b©KH 
>K»«*nfc*tt, «M^tBffl©»i i 2 8 caittsn 
TfeD, ^2© h7>>'X^3 btS^^tl^^*^. 
«^2 6 S^bT»»«ttfc»*SftT^*. 

[0033] «c , ±ta© <t 5 tc»fig$ nfe«at^fflii 

£EVG C-f»^l'f. S J F2 4©mffi*0VtcLfc^C 
«. ttJ7J h7>vX3' lii, *©^-h-V-X|1fl«ffi 

\z^mmmtim^ 

[0034] 2 4icy-hmffivG s«-r 

5 1 , «M*E V D 1 ^ S ffl 7J h 7 y -7X ^ 1 ( H W 
>-V-X) *?>bT, «MH#LC««EM tfffll 
4. -f-bT. «ii«EVD2^e)®fi ! i;^ZR^l©h 
7 >y?X* 3 a ^?>bT. *gxftttiffl h 7>97>9 2 -C 

z, ^nigggop, wsn&umm h7>->*x^4© 

so :x^2©WHlyf >^il*filc«fetl-S>o 
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[0035] mmz\t, mm&itii®hy>i?7>?2<» 

F*W yn&ftfttlYyyy*? 1 © FW <9 
i« < & 5 t , St* *ti$0 P ©BJ **E#-t* u T, 
SffiWWffl F7>^X* 4©:*>ffi}n^/J^ < &D-, S 

K**iai»««»*jiirr5. -rs-t, «n§£Z£f&i©F 

7>yX^ 3 a £®JHfc& (* l" > F 5 ?-JalJS 3 ©* 

wit- su ) nwksmhvyvz. 

^ 1 , 2 © F W :>*«©«(i.fcftfcti** 
[0 0 3 6] i£fc> F7>vX^2©F W 

>«BE*»fflA F7>^X* 1 © F W >«E<fc 0 fcffi< 

5tiWt5. f * t > ffitt* Z 1 © F ? 
X ? 3a t ©tt*jftCO«BE)W±J*l/T, *i»fflffl F 5 
>yX?2(Dh'K>tlEfeJ:#b 1 £©*S*, Why 

[0037] bp*., *^ i m&mnm f 

7 >yx?4 j&t, «§§ z \zmtmm&mw-mmmo p 

©ffl*t*^T««-r€> £ it SffiigZ tfl 1 © 
hy>i?Z9Z ai©^»^©«ffi*il»tT, SSt^ 
tHffi h 7 > vX 2 © F W >«0E F 7 > v X ? 
1 C:FH /ifft-SStli. 

[0 0 3 8] -rst, .taAF7>^.^it*««ajffl 
& -3 T:» m f 7 > vx ? i , 2 tm/#im © £»j 

7>> J X^2{-ii. tH^F7>vX^l(C^tl5«at 
aKfl;^(15fflF7>vX^2tttS*h7>> ? X^ l t 

© f 7 ^x^-tK xomz^tzmm i 2 .^EJttas 

tlS^tch&D, £©«JU2 ^l©F7>yX^3 
aiCfcfiittlS, 

[0 0 3 9] -5-UT, f I©h7>-/X?3 at«£A. 
V> F 5 3 &#l(£T-5?fl 2 © F y >V7*9 3 b 

\z\±, 3§ 1 © F y >?X9 3 a KStiSSSt (fP%, « 

flstfetuffl h7>y*x? 2 \zWLnz>mm) 1 2 *0fSf§b 
fc'«t 1 3 *wi* c t ttt <o . c ©«» 1 3 ***** 

ffifflffitrffiRO fc*nT4.USS(HP 2 8©*EEVDT£lt 
S-TS^tT. ffl*F7>vX^l©FW>-V-X 
KtSSEtt-S^Sft I 1 ^jti^tlSo 

[0 0 4 0] NO, % 1 © F 5 > vX 37 3 a K)3tft*«* 
12 £»2.fc^5>5>X$'3bfc*tt*«*I3 £©J* 

(±BBr«tt> fck fglR^l|2©WF7>^X*3 
a, 3b©F7>vX?jH , XK±oTfti:£;frl'>F 
5 7-®?& 3 ©# F 5 y-it~?$>Z>o 

[0041] zo^ot^immmmomm^mmz 



(6) 

10 

2t<Dby>?*?f<X<D}k&m: lttZt* ffi* 
F7>^X^ 1 fcifch*** 1 1 tftflMftfflffl F7>5? 

[0 0 4 2] 

[»1] II =mx 12 - (SI) 
^fc, *k>F5 7-i!K3©*V> F57-JtSl : 
n (= n{g) tl-Si:, ^2 © h?>vX^ 3 bfttf* 

at^fflfflfittSRo !-eitn§«si3 ti. Tte©*2© 

[0 0 4 3 ] 

[ft 2] 13 =nX 12 - (5S2) 
tot, ±CSlRtfS2J:D, «^2 8©«EVDT 

[0 0 44] 

.[ft 3] VDT= (n/m) XRO xll (S3) 
£3#>6a*«£3£. »^2 8©«EVDT«, ffi* F 

y>?x?i\zmn%nmi 1 KJk«f4t*c, ^© 

20 tfcWjgftii, Hi* F7>^X^ 1 F7>>> 
X^ 2 © F 7 > vX ?1M Xltmi. * V> F 5 ->-M 
ti 3 ©* W > F 5 5 -it n i . tfciffl«ftg§ R 0 © 

[0 0 4 5] ZhT. *V>F3 7-lHli8&3Ttt> «1 
SIXIS 2 0 h7>yX?3 a, 3 b ©fiftilf tt^ffiSS 

n> sfc, aj* F7>5?x^ l tmoit^ffiffl F5>vx 
mmMzmwzn-f iz. ±sa i ~s 3 

30 [0 0 4 6] cfcoT, ttSKKtUffl&StSRO tUT> jg 

5>yx? 1 cam*** 1 1 %'&i£)xmm&<&ii!>t 
«8g^m®K"eti> #i/>F5 7-iHis&3£itjrr35i 

1 Rt^fg 2 © F y > 5?X ^ 3 a , 3 b ©iSKWtfeWBIB 
Stl, L-^fc, f±S73F5>^X^ 1 i*M^I±Sffl F7> 
*-^'5?X^"*Ttt, iStWZ.'iWWMHiOP, RtfUffifi 
h 5 > vX ^ 4 ©#fflfc ± "9 . ftiTflH©*^** 

40 [0047] iox, z.(Dmmmmmmz^tiu. aj* 
f 7 >^x^ i fc*ft*«* 1 1 ^« Mmmz&mz 

tit. &1ihy>?Z91£WtiStBmb-y>i? 

[0 0 4 8] -f-LT#['. *H 1 H*»l80ttfl(E«lti«Hl 
Kt*ViT«, ^k>F5 7-@K3©*a«^Su 

(Sl©F7>^X^3a©V-X) t*)i«EEVD2 
fc©IWH. ffi»t«Z*it5!C*«lrr4t*K:, *EE» 
fflh7>vX^4f'«fc0, ftttttftiffl F7>vX372R 
so t^^lWF^^^X^SaS/H/tXLT, jSRglZtC 
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X £ 4 © V -X ^m^ffiffl h 5 >?7, 9 2 © V -X 

[0 0 4 9] W&fcf, ffi^ Yy>97,9\ 0,'H^'ilH-: 

VtC*T*flSbfci:LTt>, StlUMSSOPti, <EEJH 
fPffl H 7 >V7s9 4 <Df — h«EE£ffcVgS©tSHT^ 
fi;£i**Uf&V;>©T&&. i^T, *»<!©« 

vX? 1 ©Hi;fr*ffi*****iJ*&%< . 

[0 0 5 0] r|g2*»ffij *K, H2H ft2£ji 

*««©«»((WttH)»K»UT, TfH© (1) Rtf 
(2) ©2^jlft-3T*D., *-©fl&£pt>Ttt:£<R 

[0 0 5 1] (1) Nft>*JH©MOSh7>yX 
**»&&$«E*»flffl h7>vXJ7 4 fcftAT, NP N 
fgro/'W sJi-7 K7>vX**i&&5*BE«HSMi h7> 
^X^5*^t^nT^§. ^E-UT, £©*ffifWWrh 

7 >>?x ? s a, zivwmtivyys. 7-®ss 3 ©& 

X^2©V-X (W6, Jgifc«&) fcftttSfc, 
[0 0 5 2] (2) «RSZfcfW.T, «iS«JEVD2 

IS y * jWWWfE V D 2 IC&ttS tlfcPNP M<D/W 
#-7h7>^i?6at, Cl© h7>vX?6 a©a 
yg»«&i©flm;«83ftT> h 5 > 5>.X* 6 

*v>hS7-iaK3©*a«^su ^~ 

X^h7>v ? X^ 6 a©^-Xtr«it^nfcPNPffl© 

[0 0 5 3] 21©±5ft»2**»ttfl)*8i*WI3»'C 
iSHTti. **«!&l3K6©h7>-y;**6c*tfL, 
T, *8^EVD2fr£;frU>h3 7-II?&3©#ffli&! 



(7) 

12 

h 7 >yX? 6 c C$ft**tt& 6 
[0 0 5 4] cfc-jT. *m2*W«©HtStftffilli^fc 

fev>T*>, «»jpfflh7>vx^5#\ wimo 

tmi©h7>> ? X^3 aiCiUjS (*V>KS7- 
Hg§3©^jI«?Su ) ©*EE£f|iiJfPl"T, *8fctfetHffl 
h5>^2fflFH >«E£tB#h7>S?X* 1© 
Fl/-<>*ffifcHS^tf£££#T#, Vfrb. Yyy 

¥7,$ 6 c \zmti%nffiizmmf>w5-2tiT^z>tz 

[0 0 5 5] H0jfc». **2*»»»©«*»fflll* 
Ciott). JBl*lt»Jifl!)t)©t^<R*K. ffl*> 
zo 7 >yX? 1 j:.*ft««*S|l*A<lftfflT**.t* 

to o 5 6] «nfti&aK6s«id6-r*f5^^x 

^6 a, 6c ilTll #— 7 h yy s J%9 
t, MOS h7>vX^ftfflt,^J;-5tcUTfefi^o - 
77, 0 1 tc^Lfc® l *«»«©1ta*ffl0»K:»U, 
*E#JW!ffl K7 >v»X:5M f£tf£NPNl©;H#-7 
h7>vX^t^AT i bS^U, *fc, SJ5WZ««t* 

[0057] wa mmmm] 0 3 a, * 3 $& 

«3*»ii©«^ffill2SH, iMLfcmi* 
*»»©*««tU0»K»l/T, TIB© (A) ~ (C) 
©3MSftoT*t). •€-©tttO^T«^:<|Bl#T^ 

[0 0 5 8] (A) 3trl/>M5'-ffll3.|:ftAT. N 
>^JH©MO S hy> yXW>e/j:5i3 © 1-7 
40 >-^X^ 3 c ftiijjnLfc*I/> h5 7--HK3 ' WW 
6*lt-*-0, !3fflh7>yX^3 ctt, B2©h7> 
Stt^Sb&JMRK, -7 s -htV-X^l©h7>>? 
X^3 a©^r-hi:V"XtC*A»«$nT^§o 

t. -©» 3 © h7>> ; x^ 3c© fk y&> mm 

k>S5 7-llK3 ' {rT^l©>7>^X^3 afcM 
n««ittWU3f)t« t** 5 7-**S*-fi62 ©5 
7-iotSfM2 t&oTW. 
[0 0 5 9] i^, »l©h7>v ? X^3 a HMn?>«at 
12 3 © h 7 > yX ^ 3 c izffiftznffi I 3' t ©tb 

50 (±e»fs«) i±. m»tf»3owi»5>^^3 
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a, 3 cOby>97,9 J &^X\Z^-oX^M^>f>Vyb 
(B) m- 2 4tiliJ)by>y*?l RXS',m».m b 

[0 0 6 0] (C) j3U>b3i9'-mf&7&im%tlT 
f-l/t, £©#V>hS7HaIS&7&, PH> 

U->K5 7-IhI!S3' ©3f§2©5 7-«M^M2 (BP 

>$Jl/S©MOS F7>^X?7at, y-htV-X 
#LLlBMOS h7>>>X^7 a©y-h£V— Xfc£4 

js^sn. ' Hi^r >a*ma h7>> ? x^ i R&msmiti 

ffl h 5 >5>X* 2 <Df- b caHSiTfcN^r 
OMOSh7>^7bt. *V>h5 9-H*3' 
©|S-2©S7-««*^MZ *>5MOS h7>vX:y- 7 
a C*ft*** I 3' tfBrSfcBUfcfco fci*fc£* WMO 
S h7>yX^ 7 bS:*>.Sl4-'*fcJ6K, ±IBP5MO S 
H7>yX^ 7 a , 7 b ©y- h t 7 >-X 

^ 7 C fc, *»'6H***lT«r>*. 

[0 0 6 1 ] i©ct5a^3*»ffi©m^ffililKt 
£^T(£, tti7jK5>vX? 1 CSStnsSSKl 1 
LtzmffilZ'tf, *l/>'h55-H»3' ©fg2©5 7 

>-^x? 7 a 1 3' ^r4««»tt^«*^ 

7 c t«koTft)ta*l*Bf3fe*a±Ka4t. *v>> 
5 7-®g&7©MOS h7>^X*7b#:fr>LT, S 
7 2 4^&ffi$Rl£7>bT8^«&^*ai I 7 #3! 

fflh7>-/X?2 ©y- h - V -X W«ffi^ffiT bT- 
Sh7>vX^ 1 , 2 fc.fcft5*»a*MES*l*» 
[0 0 6 2] ZCDtctb. *H3|IJfi#ffi©««t^milII& 
fcifttf, IK 1 ^»«©««£tftlH@ISK:.«J;*».*«^ 
Tte&<. iK*h7>yX^ 1 fc«ftS*8II 1 

fr0WMT:m\znm\stz.m\t, mil by> 9 1 & 

[0 0 6 3] H4tt; ^4*11 

»Ji©m8MftlBHI6**t-0»H t?* 4 . SI 4 CSf ± 

JS»«©*flfc»ffl@Kt#UT, TIE© (a) ~ (c) 
5. 

[0 0 6 4] (a) FW>jMffl/Jh5>S?X.*l©H 

iz-fycasKtanfe, n^^>*;h©mos h7>y 



(b) *w>M5-@»i03j»anpanT^ft. -s-u 

T, z.oyhvyb* 7-0E& 1 o KL t<W>iy-h 

>$?x? 9 ®y-xi:Ksn. v-x/jW2 2 
LTmmnmzmmzntzNj-v >^momos by 

>i?X5> lOat, f- b t V-X^_htEMO S K?> 
yX? 1 0 a©V- hiV-^fc******!, FM 
>^ffi^7 F7>yX? .1 JUMMftttJS h7>^X? 2 
©y- h tc«»StifcN^^>^;i/S©MO SF7>y 
X? 1 0 bt, MGS h7>^X^9*5MOS h7> 

97,210 aizmtiznm 1 9 ^£ttw±fc&ofciif 

Cfc'ttMOS F7>yX^ 1 0 bfc*>*tf*fc»fc» 
±|BP)MOS K7>^X*1 0 a, 1 0b©y-hi:V 

-x i© mzmmn ttfcissis* wijg***^ &fc 

[0 0 6 5] ( c ) *f 2 4 K mm R 2 C-Ji*»SM* 
S*IT£9, j£tf[ggR2 ©ttSfcNy-v >^;^©mo 

D> EC MOS h7>yX^80y-X*5. ffl#h7 
>vX * 1 Rtf «8HftlHffl h 7 >yX ^ 2 ©y- h lc» 
88fEtlTV>5, ffif/t28R2 ©«f 2 4 tttMMtt 

(IP*, , MO S F7> 5?X 37 8 © H Jy-f >m$?- b ) 

\t> mos h7>vx^9©y-h^»asnT^§o 

r©fe*> MGSK7>yX?9®y-M:H 3^2 

h y >V7. 9 1 msnmk&m b y>~sz? 2 ©^y- 

Mctt, *f 2 4^SffiftS§R2 RtfMO.S by>'JX 
? 8 © H U-i >-y-X^LTy- h*EEVG 

[0 0 6 6] ft, MOS h^>> J X^8S:^tT^5© 
tt, fltfj h 7>-^X37 1 R^«Sit^ttSffl h7>y7?2 

©y-h-y-xffl«Ei. mos n 7 > v*x ^ 9 ©y 

-h-y-XK«)E<!:^b<1-5fc*T$.5o £©£ 

, >vx^ 1 izmnzmwi 11 (cfsufcm^t 1 9 mo 

S h5>v ? X^9 75vf,7aI/>h3 5-|5IS&l 0©MOS 
by>i>*91 0 at^tti. I 9 

*l/>h57-lalKl 0©MOS h7>^X^ l 0 b*« 
^->LT> «HP 2 4*6®!*R2 RtfMOS F7>y 
X^ 8 *^1/T»»«ffi'^t8t I lfl#3l£&**i*. 1" 
5 1, ffl* h y > =s79 1 Rtfmat^ffiffl b 7 >^X^ 
2 ©y- h - V -X W«EE*t«T UT. i8a h 7 > ~>*X ^ 

1 , 2-.fc«tt*«*JWHIR$*i*. 

[0 0 6 7 ] tOft*. *»4*Jli»jiO«!Hftffl0» 

ciott.. %zmm%<»%wmw&tmmz, m 
ijby>i?z.f i tstn*** 1 1 tmftizmmvtzm 

tt, tBTJ h 7 > yX^l KCMgHUUffi h 7 > vX ^ 2 
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[0068] msmum*) tz.zx\ mmbk&m 
9 1 s«m»ffiL ±o jb»«&«.K:»tt-r*/w *m f 

[0 0 6 9] BS'Ugsf *5tt» sg 5 JlWffiW'SStfe 
mWtoYt* « 1 **»«©««fttttlliStM'l/T. TIB 
00 (a) ~ (r) ©3&#tS&oT*iD, -^©iitCOVi 
Ttt£<IW"e.**» 

(a) ffiTjF^^X^l, lSMh7>yX5' 
2, &^E0J|ffflh7>v ? X^4i:bT, P^>^ 
iHWMOS hy>?Z9%m^T^Z>, 

(0) #^>F5 7-0K3£«jrt&miRtfSl2© 
h7>-^^3a, 3b£bT, .\'ft>^HfflMO 
S F7>5?X?£fflVVT^£. 

[0 0 7 0] (r) aiJ^7>?Z9 10V~X#, * 
f 20 £^UT® l-«EEttT©'ltlR«£EVD 1 

T®»«ttttlM***l"C*0, fflTj F^Vv'X* 1 © 
FW>#> *KP2 2 £:fr:bT*MA$L 

[0 0 7 1] SftSZ©!!*©^, SSlRtf* 
2©F7>^X?3 a, 3b©7-XKftife£ft&^# 

©WS© 3 MS 2 © F 7 > X * 3 b © F W >£« 
ISMV^dS, *f2 6 £^bT«iI«fiEVD 2 Cjg 

»S*l4JB3«£EtbT«**ffi*fflViT^*i&«, SSI 
«Et bT©«SsWEVD 1 <fc 0 feffiV>»iifl;&^© 

[0 0 7 2] J10J;'i5a:«5**»»01|«E*W®* 

T. ffiiaggZ, WMMMOP, fttWt£E«»ffl>7^- 
vX^4©^ffltr«fcO, ^tiYyy=J7,9 1 tSSt^tK 
ffl F 7 > yX? 2 ©P5 F K >*littffcni>. 
[0 0 7 3 ] ffiffl F 7> ^ X ^ 2 © F V< 

XJE^fflij H7>yX^ 1 © FW >vriBZck0fcii'5< 

ffliffl f 7 > x ? 4 (0*>tttt««*t < & o , wsmm 

VD 1 *» F 7 >y*X * 4 bTffiSvlg Z 
KWISWEjWM*'**. jgft§§Zi»l©F 

aS^Su ) ©W&WftTUT, M^tBffl F7>vX 
:?2©FH'>ttffit>teTU C©^*, Mh7>-/X 

[0 0 7 4] «^ffiJTF7>vX*2©FW 



(9) 

fc5<fc, gdUWBBOPOffl^WBWttTbT, *£M 

fflffl F 7 >-/X ? 4 0* >JS8W*'J*3 <* 0 . 

VD l^GVlllf.^Jffllffl F7>f/X^4^^bTffiftigZ 

7/yX^ 3 a t©81,S©lffi«SFT, t« 
1H>^2(DFH >«JEE h ±# U H ©fg*, 
m F 7 > 1 , 2 © F W «fit'«fctl?>o 

[o o 7 5 ] ^bT, z®nmtk&®&fc&w& 

UMBSOPtt, #(C«M«JBEVDlS»*i:bT, mBE 
io #Jfl?ffl F 5 > v>X * 4 ©y- F fc*ffi£ffi7J-r*U*fi 
<, «iaatJP)»?)«*»Jfl0l6tBlil©«S**#*^ 

h7/^^4tl/T», Pft>*iHfflMOS F7 
>V7.9\ZRZ-T. PNPl©/H#-7h?>^^ 

{ 0 0 7 6] r*«o«©JE»H|j ftimVtc&$iMBWtT 
tt, ffiTJ F 7 > vX ^ 1 &tf «atttttlffl F 7 > 5?X 9 2 
tbT, MOS h7>^^Sffl^ s » A*-f3p-7F 
y>'s7>9-PM I S (Metal-Insulator-Semiconductor 
20 ) h7>^X^*ffl^SJ;5(-bT%SV^ i^. 04 

y>VA9 1 atfm«E^fflffl h7>yX? 2 *AW*-- 
7K7>yX^tLmi:lt F7>vX^9ibT 
m#-7 F7>vX?£fflV>ftk£&^,, 
[0 0 7 7] ■|fiftl/fc«|iJWiC*lt**U> 
F5 7-SK3, 3 ', 7, 1 OK-Q^Tt), MOS F 
7 >yX^ C^AT. AW #-7 F 7 >P7,9^m V>T 
«figbfcD, «6©#I^©*U>F5 7-0KS 

fH^&C ^4*ffi^ffi©«Sg^ffiiaK 
30 t'i5^T> *U->F3 7-@»1 0*A*-f^-7F7> 
3? X ^ ■CHMfcbfc»£Ett, F 7 > vX 9 8 t bT A*< 
#-7 F7>>*X?tffl^nii&lA 0 
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[R5] 
[0 6] 
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l*lftfli@tt£»-ri3KH-T?**. 





l-ffi*F7>>?X^ 2-«»fttiifflF7>vX^ 
3, 3* F 5 7-|hI?S 3a-mi©F7> 

i?Z9 

3 b-^2©F7>i>X^ 4, 5-«BE«i]j|ffl F7 
50 >>?X^ 
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